This study presents the spatial distribution of 69 elements in the surface water of the Bregalnica river basin. The concentration of elements was determined using inductively coupled plasma with mass spectrometry (ICP-MS) and inductively coupled plasma -atomic emission spectrometry (ICP-AES). The data summary results were reduced with the application of multivariate factor analysis, whereupon three dominant geochemical associations were obtained: F1 (Ca-K-Mg-Na-Ba-Li-Mn-Sr-V), F2 (Al-Fe) and F3 (Sb). Anthropogenic enrichments of Pb and Zn occur in the Pb-Zn mine area. The obtained data exceeded the maximum allowed concentrations in accordance with the national regulation for surface water quality. Trace elements including REEs were significantly correlated with the dominant geological formations characteristic of the different sub-regions in the investigated area.
INTRODUCTION
The aquatic environment is one of the four components of the Earth and interconnects with the other components, namely the atmosphere, lithosphere and biosphere. Water is essential for life and acts mostly as a vehicle for the transport of constituents and pollutants (including toxic metals) between these environmental components [1] . Metals and metal compounds may be released into the environment within the lifecycle of metallic products, including several processes such as: mining, extraction, smelting and refining, production, use and disposal, recycling and reuse [2] [3] [4] . These chemical compounds may enter the environment either as the main component of the metal product or as impurities during any stage of the lifecycle, especially at the beginning (for example, mining to production) and the end (i.e. disposal) of the cycle [5] . The recent rise in the development of these industries has increased the risk to public health due to heavy metals such as cadmium, lead and chromium [6] . The industrial pollution of heavy metals is often through the discharge of partially treated or untreated effluents, and can pose dangers to the public by contaminating local water sources of drinking water supplies and agricultural irrigation water [7] . The main natural sources of metals in water are chemical weathering of minerals or soil leaching [8] . A general conclusion and the main starting point is that the anthropogenic sources are associated mainly with industrial and domestic effluents, urban storms, water runoff, mining of coal and ore, atmospheric sources, and inputs from the rural area [4] . The analysis of dissolved metals in water is a useful tool for assessing the state of pollution in a particular ecosystem, reflecting its specific degree of contamination [9] [10] [11] .
The availability of highly sensitive multielement analytical techniques, such as inductively coupled plasma -mass spectrometry (ICP-MS), provides a method for the quantitative determination of a wide variety of trace elements in water at indigenous concentration levels without preconcentration [12] . Elements in higher concentrations, such as calcium, magnesium, and sodium, as well as elements that are difficult to determine by ICP-MS, such as iron, are readily determined by atomic emission spectrometry with the inductively coupled plasma (ICP-AES) technique [12] .
Toxic heavy metals have been a universal pollution issue around the world whenever and wherever heavy manufacturing industries are on the rise, and can dominate a country's economy during their rapid development. The Republic of Macedonia does not diverge from this global framework of pollution of the environment with certain toxic metals. The studies implemented so far show that certain areas of the territory of the Republic of Macedonia are blighted by the anthropogenic introduction of high levels of different chemical elements in the environment [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] .
The basin of the Bregalnica river is an interesting region from the aspect of its specific geology (for lithological distribution of elements), but there are several significant sources of potentially toxic metals and other chemical elements in the environment, which contribute to the anthropogenic influence of the distribution of these elements [23] . The Bregalnica river basin is characterized by the occurrence of lead and zinc mineralization and exploitation ("Zletovo" and "Sasa" mines), copper mineralization and exploitation ("Bučim" mine) and Fe mineralization and former exploitation ("Damjan" mine). Local-scale investigation can provide information on the specific distribution of chemical elements in water from significant hydrographic factors, and thus follow their positive or negative impact on the environment and humans.
The main goal of this study was to assess the dominant anthropogenic and lithogenic markers from a total of 69 analyzed elements: Ag, As, Al, Au, B, Ba, Be, Bi, Br, Ca, Cd, Ce, Co, Cr, Cs, Cu, Dy, Er, Eu, Fe, Ga, Gd, Ge, Hf, Hg, Ho, I, In, Ir, K, La, Li, Lu, Mg, Mn, Mo, Na, Nb, Nd, Ni, Os, P, Pb, Pd, Pr, Pt, Rb, Re, Rh, Ru, Sb, Sc, Se, Sm, Sn, Sr, Ta, Tb, Te, Ti, Th, Tl, Tm, V, W, Y, Yb, Zn and Zr -in river water from the Bregalnica river basin. As well as the multivariate extraction of the geochemical elements associations, the pollution effects were examined in the area of very old geological formation. Thus, this work presents the first attempt to characterize the lithogenic vs. anthropogenic inputs in water environments.
MATERIAL AND METHODS

Investigated area
The investigated area includes the basin of the Bregalnica river which is in the eastern part of the Republic of Macedonia. The investigated area covers ~90 km (W-E) × 50 km (S-N) and thus a total of ~4000 km 2 , within the following geographic coordinates N: 41°27'-42°09' and E: 22°55'-23°01' (Fig. 1) . The area is characterized by two valleys -Maleševo and Kočani valleys. The Maleševo valley represents the upper course of the Bregalnica river, where the river source is also located, with an average altitude of 700-1140 m.
The valley is enclosed by the Maleševo Mountains in the east, by the Mt. Ogražden in the southsoutheast, and Plačkovica and Obozna mountains in the west. The average annual precipitation is about 500 mm, with significant variations from year to year, as well as in the different sub-regions [24] . The precipitation is mostly related to and conditioned by Mediterranean cyclones [24] . During the summer period, the region is most often found in the centre of subtropical anticyclones, which cause warm and dry summers. From the central area of the region, as the driest area, the average annual precipitation increases in all directions, because of either the increase in the influence of the Mediterranean climate or the increase in altitude [24] . The annual total number of hours of sunshine per day is about 6.0 hours in this area. In the region about ten climatic-vegetation soil areas are distinguished, with heterogeneous climate, soil and vegetation characteristics [24] . The hydrographic conditions show the influence of the formation, characteristics and geography of alluvial soils through surface flows, floods and irrigation. As a consequence of industrialization, urbanization and the lack of treatment of wastewaters from industry, mines and city sewerage, the waters of this important hydrographic catchment are exposed to a high level of pollution, in terms of the introduction of higher contents of certain toxic metals. The pollution is most frequently particularly high at low river flows, as in the case of the Bregalnica river in its course through the Kočani valley [24] .
Sampling
Along the course of the Bregalnica river, in accordance with a previously specified scheme, samples of water were collected from the river plains in the period August-November 2012. Apart from the above-mentioned locations for sample collection along the course of the Bregalnica river, additionally some of its more important tributaries were included in order to determine the influence of the potentially polluted waters from the tributaries on the pollution of the main hydrographic factor. The more important tributaries of the Bregalnica river included in the sampling network were the following: Ratevska, Očipalska, Kamenica, Kočanska, Orizarska, Zletovska River, Lakavica and Sveti-Nikolska rivers.
The total basin area of the Bregalnica river was divided into four zones: zone 1 (Z-1) which includes 5 locations (В1, В2, В3, В4 and P1), zone 2 (Z-2), which includes the following 5 locations: В5, В6, В7, В8 and Р2, zone 3 (Z-3), which includes the following 5 locations: B9, В10, В11, В12 and В13, and zone 4 (Z-4), which includes the following locations: В14, В15, В16, В17 and В18. The areas of Kamenica (K), Zletovska (Z) and Lakavica (L) rivers were separately monitored. Along the whole course of the Bregalnica river a total of 18 samples of surface water were collected according to standard procedures ISO 5667-4:1987 [25] . Additionally, surface water samples were collected from another 13 locations from the tributaries. The locations where the samples were collected are given in Figure 2 . 
Sample preparation, instrumentation and elements determination
The surface water samples were subjected to pre-treatment included filtering through an appropriate filter and conservation with concentrated nitric acid. All the reagents and standards used have the following analytical purity level: nitric acid, HNO 3 , 69%, ultra pure (Merck, Germany). Redistilled water was used for the preparation of all solutions. The standard solutions for the elements examined were prepared by dissolution of the basic multi-element standard solution with a concentration of 1000 mg l A SCIEX Perkin Elmer Elan DRC II (Canada) inductively coupled plasma mass spectrometer (with quadrupole as single detector) was used for measurement of the total concentration of the trace elements. All measurements were done using the quantitative method (Total Quant) supplied by Elan 3.4 software, which uses a response factor calibration curve which was obtained by a calibration at multiple points, low, medium, and high concentration, for optimum setup, using a multi-element Merck VI standard solution diluted to mimic real sample consumption. The DRC was used in RFonly mode, with no collision/reaction gas.
An atomic emission spectrometer with inductively coupled plasma, ICP-AES (model 715ES, Varian, USA), was used for measurement of the concentration of several elements (Al, Ca, Fe, K, Mg, Na and P). For each element analyzed, prior optimization of the instrumental conditions was performed. The instrumental and operating conditions for each of the above-mentioned techniques are given in Table 1 .
T a b l e 1 In all samples, the contents of a total of 69 elements were analyzed: Ag, As, Al, Au, B, Ba, Be, Bi, Br, Ca, Cd, Ce, Co, Cr, Cs, Cu, Dy, Er, Eu, Fe, Ga, Gd, Ge, Hf, Hg, Ho, I, In, Ir, K, La, Li, Lu, Mg, Mn, Mo, Na, Nb, Nd, Ni, Os, P, Pb, Pd, Pr, Pt, Rb, Re, Rh, Ru, Sb, Sc, Se, Sm, Sn, Sr, Ta, Tb, Te, Ti, Th, Tl, Tm, V, W, Y, Yb, Zn and Zr.
Instrumental conditions for ICP-AES and ICP-MS
RF generator ICP-AES ICP-MS
The limit of detection (LOD) is usually defined as the lowest quantity or concentration of a component that can be reliably detected with a given analytical method. Intuitively, the LOD would be the lowest concentration obtained from the measurement of a sample (containing the component) that we would be able to discriminate from the concentration obtained from the measurement of a blank sample (a sample not containing the component). The calculated values for the detection limits are given in Table 2 . Both certified reference materials (NIST 1643c) and spiked intra-laboratory samples were analyzed at a combined frequency of 20% of the samples.
T a b l e 2
Calculated instruments lower detection limits for the analyzed elements
The recovery for all of the analyzed elements ranges from 76.8% for Tl to 119% for Sb (for ICP-MS measurements) and from 87.5% for Na to 112% for P (for ICP-AES measurements).
Data processing
Data on the content of the investigated elements were statistically processed using statistical software (StatSoft, 11.0, Dell Software, Aliso Viejo, California, USA), by applying parametric (probability distribution, data normalization and data transformation) and non-parametric (descriptive statistics) analysis. Basic descriptive statistical analysis was conducted on the values of the contents of the elements in all types of samples. At the same time, normalization tests were done and, based on the results obtained for the certified pvalue >0.5, the distribution of data on independent variables (elements' contents) was determined.
For data normalization, the Box-Cox transformation method was applied [26] . Since Box and Cox (1964) , other authors have introduced modifications of this transformation for special applications and circumstances [27] , but for most researchers, the original Box-Cox suffices and is preferable due to its computational simplicity. The Box-Cox transformation is given with Equations 1 and 2:
(1) (2) where y is the transformed value and x is the value to be transformed. For a data set (x 1 , x 2 … x n ), the parameter λ is estimated based on the assumption that the transformed values (y 1 , y 2 … y n ) are normally distributed. When λ = 0, the transformation becomes the logarithmic transformation.
The level of correlation of the values of content of the chemical elements in all types of samples was estimated using bivariate statistics (using linear correlation of coefficients, r), with significance level p < 0.05; p < 0.01. For a clearer overview, the correlation coefficients are represented in a matrix of correlation coefficients. The application of multivariate analysis enables the number of variables to be reduced by creating new synthetic variables, again dependent on the correlation (r). Factor analysis (FA) and cluster analysis (СА) were used as methods of multivariate analysis [28] .
Generalized geology and land use of the investigated area
The investigated area that covers the basin of the Bregalnica river lies on two main tectonic units -the Serbian-Macedonian massif and the Vardar zone [29] . The polyphasal Neogene deformations through insignificant movements associated with volcanic activities had a direct influence on the gradual formation of the reefs and the formation of deposits in the existing basins (Fig. 3a) . From the middle Miocene to the end of the Pleistocene, there were alternating periods of fast and slow landslides accompanied by variable sedimentation (deposition).
The Cenozoic volcanism represents a more recent extension in the Serbian-Macedonian massif and the Vardar zone. The oldest volcanic rocks occur in the areas of Bučim, Damjan, the Borov Dol district and in the zone of Toranica, Sasa, Delčevo and Pehčevo [29] . These older volcanic rocks were formed in the middle Miocene from sedimentary rocks that represent the upper age limit of the rocks. The origin of these oldest volcanic rocks is related to the Oligocene -the early Miocene period. The following rocks are categorized as volcanic: andesite, latite, quartz-latite, dacite. Volcanism appears sequentially and in several phases forming sub volcanic areas. On the other hand, the pyroclastites are most frequently found in the Kratovo-Zletovo volcanic area, where the dacites and andesites are the oldest formations. The generalized geology of the area is produced based on the data provided by Rakićević et al. [30] .
Characterization of the land use of the investigated area was performed (Fig. 3b) . The hydrographic conditions show an influence on the formation, characteristics and geography of soils through: surface flows, floods and irrigation. As a consequence of industrialization, urbanization and the lack of treatment of wastewaters from industry, mines and city sewerage, the waters of this important hydrographic factor are exposed to a high level of pollution, in terms of the introduction of higher contents of certain toxic metals. The pollution is most frequently particularly high at low river flows, as in the case of the Bregalnica river in its course through the Kočani valley. This whole area is intensively cultivated with crops for the irrigation of which the water from the Bregalnica river is used. The water is almost completely used for irrigation of the cultivated low terrace (2 to 3 m) on the right river bank [23] . 
Elemental distribution in river water
In all water samples a total of 69 elements were analyzed, as follows: Ag, As, Al, Au, B Table 3 shows the matrix of the concentrations ranges of the relevant elements in the samples of surface water from the whole basin area. Table 4 presents an overview of the values of the medians of the analyzed elements, by the individual zones in the basin of the Bregalnica river. For aluminum, the highest median was obtained in the second zone (1.4 mg l -1 ). The concentrations of Al determined in the river water along the course of the Bregalnica and its tributaries do not exceed the maximum allowed concentrations in accordance with the relevant classification for river water quality (1.5 mg l -1 ) for classes II and III [31] . The medians for Ca in all zones range from 18 mg l -1 in zone 1 to 61 mg l -1 in zone 4. Similar distribution trends are identified in relation to the other metals, such as Na, Mg, Li and Sr. Barium shows a continuous increase in concentration along the course of the Bregalnica river, ranging from median 2.9 µg l -1 (В1) to 51 µg l -1 (В4)
, respectively, while in the lower course of the river (В3 and В4), they are 190 and 180 µg l -1 , respectively. Manganese may be present in water supplies as a result of natural processes involving both catchment erosion and redox-related dissolution of Mn-containing minerals at/near the sediment water interface [32, 33] . Antimony is an element which, as concerns its concentration in the surface water, diverges from the trend of increasing concentration with increasing distance from the river source. Sb shows a decrease in concentration from the zones near the river source to the point of the flow into the river of Vardar (Table 4) . Min -minimum; Max -maximum; LOD -instrument limit of detection; N -number of sample locations with the element concentration above LOD Z1 -zone 1; Z2 -zone 2; Z3 -zone 3; Z4 -zone 4; N -number of samples in each zone; K -the Kamenica river course; Z -the Zletovska Reka river course ; L -the Lakavica river course; Tot. conc. -total concentration of elements determined above LOD; n.d. -not detected
Т a b l e 3
Descriptive statistics for the values of the concentrations of the individual elements in water samples
T a b l e 4
Mean values of the analyzed elements in 4 zones along the course of the Bregalnica river and its tributaries
The concentrations of Sb determined in the river water along the course of the Bregalnica river and its tributaries do not exceed the maximum allowed concentrations in accordance with the relevant classification for river water quality, 30 µg l -1 , for classes II and III [31] . Scandium concentrations did not show any significant variability among the zones along the Bregalnica river basin, nor along the more important tributaries. The medians for the four zones are 0.92, 0.84, 0.93, and 1.9 µg l -1 , respectively. It is worth mentioning that scandium has been considered as a rare earth element, naturally occurring most frequently in areas with uranium ore deposits. Nevertheless, in the last decades it has been established that this element can very frequently be found in areas naturally enriched with Al and Fe. Vanadium concentrations in surface waters in the Bregalnica river basin are in the range from 0.010 to 21 µg l -1 , and do not exceed the maximum allowed concentrations in accordance with the relevant classification for river water quality, 100 µg l -1 for class II and 200 µg l -1 for class III [31] . In addition to the above-mentioned elements, Table 4 also presents concentrations of certain elements which were determined only for certain areas (by zones) in the Bregalnica river basin. Arsenic concentrations (Table 4) do not exceed the maximum allowed concentrations in accordance with the relevant classification (class) for river water quality, 30 µg l -1 for class II and 50 µg l -1 for class III [31] . The cadmium concentration obtained from the surface water of the Kamenica river (4.8 µg l -1 ) does not exceed the maximum allowed concentrations in accordance with the relevant classification (class) for river water quality, 10 µg l -1 for class III [31] . The copper concentration was determined only in the water of the Lakavica river (31 µg l -1 ), and does not exceed the maximum allowed concentration in accordance with the relevant classification (class) for river water quality, 50 µg l -1 for class III [31] .
Nickel concentrations were determined in the waters of the Kamenica, Zletovska and Lakavica rivers (0.9; 50.8 and 5.3 µg l -1 , respectively, presented in Table 4 ). In the Kamenica river, the average value of Pb concentration amounts to 21.3 µg l -1 , and it does not exceed the maximum allowed concentration in accordance with the relevant classification (class) for river water quality, 30 µg l -1 for class III [31] . It was determined that only in the waters of the Kamenica river did the Zn concentration (average 664 µg l -1 ) exceed the maximum allowed concentration in accordance with the relevant classification for river water quality, 200 µg l -1 for class III [31] . Furthermore, agricultural burning or Zn-based fungicides can be an additional source of zinc [34, 35] 
Multivariate assessment for elements distribution
In order to give a better picture of the interdependence of the analyzed elements, multivariate factor analysis was conducted. This statistical method was applied for the elements that were determined to be above the instrumental LOD in all zones in the investigated area (Al, Ca, Fe, K, Mg, Na, P, Ba, Li, Mn, Sb, Sc, Sr and V). Based on the constructed matrix of correlation coefficients (given in Table 5 ), statistical screening for Eigen-values (Е-values) was performed in order to single out only the significant synthetic variables (Е >1). The values for the isolated factors loadings (F1, F2, F3) are presented in Table 6 . Based on the multivariate processing of the values for the analyzed elements' content, three dominant factors were singled out: factor 1 (F1), with a dominant loading value of 6.65 and variability 58.7% of the total variability (80.6%). This factor associates the following elements: Ca-KMg-Na-Ba-Li-Mn-Sr-V (Table 6 ). The highest loading value in this geochemical association of elements was obtained for calcium (0.94). The second factor associates the elements Al-Fe, with variability of 15% and Е-value = 1.78 (Table 6 ). The third and least distinguished factor is represented by antimony, which covers 10.7% of the total variability of the factor loadings matrix, and has the lowest Е-value. The values for the concentration of the elements in the surface water were placed in a functional dependence of two variables. Graphical representations are provided for the distribution of the concentrations of each element depending on the distance from the source of the Bregalnica river to its flow into the river of Vardar, including all its tributaries (Figs. 4-7) . For a better visual presentation, the factor standard values for F1 (Ca-K-MgNa-Ba-Li-Mn-Sr-V) are presented in Factor 1 (Ca-K-Mg-Na-Ba-Li-Mn-Sr-V) presents a dominant geochemical marker for the Bregalnica river basin. The distribution of the first and dominant geochemical association, as can be seen from the graphical representation, shows no significant deviation in the concentrations of these elements along the whole course of the Bregalnica river (Fig. 4) . This is probably due to the thickening of the organic mass that reaches the river water, either naturally or anthropogenic reasons. Furthermore, the lithological distribution of these elements relies on very specific geology, namely, the dominant geological formations in the four zones: Neogene clastites (Zone I), Proterozoic granite (Zone II), Proterozoic gneisses and shales and Quaternary alluvium (Zone III) and Paleogene flysch in Zone IV. The concentrations of these elements in the tributaries behave in a very similar way, with the highest concentration of these elements (standard value 0.7) in the Kamenica river (Fig. 5a ). The Pb-Zn mineralization that occurs in this area is based on the dominant Proterozoic gneisses and Paleogene volcanic sedimentary rocks. Very similar results were obtained for enrichments of these element associations in previous investigations [17] , so this appearance probably represents a natural phenomenon.
T a b l e 5
T a b l e 6
Matrix of factor loadings -factor analysis (FA) of elements' concentration in surface
The second geochemical association of the elements Al-Fe shows a specific trend of distribution of these elements in the waters of the Bregalnica river basin (Fig. 6 ). Higher concentrations are specific to Zone IV, including the area where the Lakavica river flows into Bregalnica. The Lacavica river is dominant among the tributaries by the natural enrichment of water with this geochemical factor (Fig. 5b) . This tributary is located across the Bučim-Damjan-Borov Dol ore district, where the Bučim copper mine and former Damjan Fe mine are located. The appearances of some elements are related to the specific Cu-Au mineralization as dominant, but enrichment in light rare earth elements (LREE) and relatively flat heavy REE (HREE) patterns is also a general feature of the Bučim region [36] [37] [38] . Large ion lithophile elements (LILE) such as U, Th, Pb are enriched; the high field strength elements (HFSE) like Zr, Hf, Nb and Ta display negative anomalies according to Lehmann et al. [37] . Exclusively, the Lakavica river, unlike all the other tributaries, only contains significant concentrations of certain elements (Br-CeCu-Cr-Cs-Dy-Er-Eu-Gd-I-La-Mo-Nd-Nb-Re-Sm-Tl-W-Y-Zr) and thus introduces them in the lower path (Zone IV, Fig. 2 ). Since these elements are at very low concentrations (μg l The distribution of the third factor is represented by the dominance and high loading value for antimony. Along the course of the Bregalnica river a mild decreasing trend in the concentration of this element is observed with the increase in distance from the river source (Fig. 7) . The occurrence of this factor is related with two dominant metallic mineralizations in the sampling area, Pb-Zn mineralization in the locality of Kamenica and Zletovska rivers, and Cu-Au mineralization among the flows of Lakavica river. The graphical bar chart (Fig. 5c ) presents the significantly higher standard values for these tributaries compared with the other zones.
Spatial distribution of dominant elements pattern
Visualizations of the areal distribution of these three dominant lithological markers are given in Fig. 8 . The basic introduction of the lithogenic markers and their distribution along the Bregalnica river is due to their occurrence in the four significant tributaries: Kamenica, Zletovska, Lakavica and Ovčepolska rivers. Apart from the specific metallic mineralization, the enrichments of these elements are significantly influenced by the anthropogenic agro-technical processes in the basin of Ovčepolska river. According to the land use map (Fig. 2) , the Kamenica river area is a dominant open area, and the rest of the basin of Bregalnica is intensively used for agriculture. Very similar introductions of certain elements occur in Zone 3 (Kočani valley) and Zone 4.
The effect of the Kamenica river is alleviated by the presence of the hydro accumulation at Kalimanci, which acts as an accumulator of higher concentrations and deposits of flotation tailings from the "Sasa" mine. The dominance of the third factor (Sb) is related with the occurrence of the Pb and Zn in water. As well as lead and zinc, in this tributary As and Cd were also determined (average concentrations 0.77 and 4.8 µg l -1 ). The total elements concentration is 389 mg l -1 . Very similar behavior to that of the Kamenica river is shown by the Lakavica river, where the total elements concentration is 125 mg l -1 (as given in Table 4 ). The anthropogenic introduction of Cu (31 µg l -1 ) is due to the continuous outpouring of waste waters from the ore and flotation plant at the "Bučim" copper mine. The Fe mineralization and the presence of the former "Damjan" Fe mine have similar effects, so the dominant factor is the second factor (Al-Fe). The results of this study indicated that the lithological distribution of 69 analyzed elements is based on the dominant occurrence of three geochemical associations as follows: Ca-K-Mg-NaBa-Li-Mn-Sr-V, Al-Fe and Sb. For the first and dominant Factor 1, higher standard values were obtained in Zone III and Zone IV, so the majority are transported downriver. The occurrence of trace elements in significant concentrations is correlated with the specific geology of the sub regions in the investigated area. The enrichments of these elements in four of the tributaries (Zletovska, Lakavica, Ovčepolska and Kamenica rivers) basically influence their occurrence in the Bregalnica river. Trace elements are specifically correlated with Factors 2 and 3. The Al-Fe geochemical association is specific to the Lakavica river. This factor is related with dominant occurrence of some trace elements REEs, such as: Br-Ce-Cu-Cr-Cs-Dy-ErEu-Gd-I-La-Mo-Nd-Nb-Re-Sm-Tl-W-Y-Zr. Furthermore, the area of the Lakavica river is characterized by a very specific geochemistry. The third factor, presenting the dominance of antimony shows statistical correlation in the Pb-Zn mineralization areas (Kamenica and Zletovska rivers). This factor correlates with the occurrence of As-Au-BeCd-Co-Ce-Ni-Pb-Zn. Potentially toxic heavy metals were determined at levels below the maximum allowed concentration for the specific class for water quality. Only the lead and zinc concentrations exceeded the maximum allowed concentration in accordance with the relevant classification in the area of the Pb-Zn mineralization and exploitation (Kamenica river).
